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THE  MOVEMENT  OF  A WING  WITH  DEFLECTED  AILERONS  CLOSE  TO  A SCREEN 

V.  G.  Belinskiy,  Yu.  I.  Laptev 

(Institute  of  Hydromechanics  of  the  Academy  of  Sciences  Ukrainian 
SSR) 


The  movement  of  a wing  with  deflected  ailerons  in  a boundless 
fluid  has  been  investigated  by  many  authors  [1,  2 and  others]. 
However,  the  effect  of  the  flow  boundaries  on  the  characteristics 
of  such  a wing  has  been  insufficiently  studied. 

The  effect  of  a free  surface  on  the  characteristics  of  an 
underwater  wing  with  deflected  ailerons  was  investigated  by  T. 
Nishiyama  [4];  he  showed  that  the  proximity  of  a free  surface 
decreases  the  lift  and  rolling  moment  but  increases  the  induced 
drag  and  the  yawing  moment . 

This  work  has  obtained  simple  analytical  dependences  which 
permit  estimating  the  effect  of  the  proximity  of  a solid  screen 
on  the  hydrodynamic  characteristics  of  a wing  with  deflected 
ailerons. 

The  distribution  of  the  circulation  along  the  span  of  a 
horizontal  wing  with  a large  aspect  ratio  which  is  moving  steadily 
at  a velocity  of  vQ  over  a distance  H0  from  a plane  solid  screen 
(Pig.  1)  is  determined  by  the  equation  [3] 

1 


(1) 


Here  aQ  - the  tangent  of  the  angle  of  slope  of  the  relation  Cy  = 

=C  (a)  for  a boundless  fluid;  ip( y)  - the  function  which  considers 
«y 

the  change  aQ  in  a limited  flow;  where  ot(y)  - the  angle  of  attack 
of  the  wing; 


A(y)  - the  aspect  angle  of  the  wing  equal  to  L/B  (L  - the  wing 
span,  B - the  wing  chord). 


Let  us  consider  the  case  where  such  a wing  moves  when  the 
ailerons  have  been  deflected  by  a small  angle.  We  will  assume 
that  the  deflection  of  the  ailerons  by  a small  angle  is  equivalent 
to  some  twisting  of  the  wing.  The  deformation  of  the  wing  with 
the  deflection  of  the  ailerons  leads  to  an  asymmetrical  distribution 
of  circulation  along  the  span.  We  present  the  circulation  in  the 
form  of  symmetrical  and  asymmetrical  parts 


Similarly,  we  write  the  angle  of  attack  of  a deformed  wing 

where  a (y)  is  the  wing's  angle  of  attack  with  undeflected  ailerons; 
a_(y)  is  the  angle  of  twist  of  the  wing  which  considers  the  de- 

CL 

flection  of  the  ailerons. 

The  Kernal  of  equation  (1)  can  also  be  presented  in  the  form 
of  a symmetrical  and  asymmetrical  parts: 
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o (v,  n)  -•  o«  (y,  *0  + o«  (y,  n). , 


In  turn 


c.to^**G,(y,n)+a.(y,ii); 

0.  (P.  n)  - Om  (5,  rj)  + Omii,  tj). 


(4) 


Analysis  shows  that  in  this  case 

0»  (y,  r\)  - G„  (y.  7|)  — 0. 


(5) 


Considering  formulas  (2)-(5),  equation  (1)  can  be  reduced 
to  two  independent  equations  which  determine  the  symmetrical  and 
asymmetrical  parts  of  the  circulation: 
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For  a wing  of  elliptical  form  in  a plane,  we  present  the 
approximate  solutions  of  equations  (6)— (9) • In  accordance  with 
this,  we  assume 


We  will  look  for  the  solutions  to  the  equations  in  the  form 


where  A and  B are  constants 


Integrating  by  parts,  we  reduce  equations  (8)  and  (9)  to  the 
integral-differential  form: 


(ir— *»)  <r+-n) 


In  the  solution  of  equation  (12)  we  consider  that  u)^(y)  = a, 
where  a is  the  angle  of  attack  of  a wing  with  undeflected  ailerons 


Solution  of  this  equation  with  consideration  of  equalities 
(10)  and  (11)  provides 


As  a result  of  the  solution  of  equation  (13)  with  consider- 
ation of  expressions  (10)  and  (11)  we  obtain  the  linear  law  of 
distribution  for  the  twist  angle  of  a deformed  wing  along  the  span 

a,  (y)  - a.y,  (15) 

where  a is  the  twist  angle  of  the  end  section  of  a deformed  wing. 

K 

Here,  constant  is  determined  by  the  formula 


After  integration  by  parts  equations  (6)  and  (7)  are  reduced 
to  the  integral-differential  form: 


i , jitfl  j 


r* 1 S' " -Efc  * ' 8>  °* 1 ® - -®r  J ^ [ T-T*  - 


“ f-V +<H  + T+J - s+vi .'»!  f" )•  (18) 

Solving  these  equations  with  consideration  of  expressions  (10) 

and  (11)  and  accepting  the  linear  law  of  distribution  of  a wing 

twist  angle  along  the  span,  we  obtain  the  following  formulas  for 

the  determination  of  constants  Au  and  B„: 

n n 
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Here  vic  and  via  are  the  symmetrical  and  asymmetrical  parts 
of  the  induced  velocity  v^.  For  these  values,  we  have  the 
expressions 


Substituting  equations  (11)  and  (24)  into  expression  (23) 
and  considering  formulas  (14),  (16),  (19),  and  (20),  we  obtain 
the  following  formulas  for  the  characteristics  of  a wing  with 
deflected  ailerons: 
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(26) 


The  function  is  determined  from  the  expression 

C«  - 1 + -~r  j ?VTZ^dy  J x 

I H ~ n)J  + TTWT^l  I 


(27) 


The  coefficients  of  the  effect  of  a solid  screen’s  proximity 
on  the  hydrodynamic  characteristics  of  a wing  with  deflected 
ailerons  are  determined  from  formulas 
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Function  ip  can  be  determined  from  the  formula 


— 1 +t*  + 0(T«). 

where 

X at  ]/  X*77»  + 1— 

The  following  approximate  formulas  were  obtained  for  the 
calculation  of  functions  c1,  ?2>  and 

= 1 — 0,5t*  — 0,25t«  — 0,0625x'  — 0,0468t»  — 

-.0.0233X1*—  0,0199t“; 

» 1 — 0,375-t4  — 0.250x*  — 0,780x*  — 

— .,0,0624xl#  0.0340X11;  . . 

t,-  1 r-0,5x*  +.0.125r«  + 0.0312t*— 0,'l408t*^ 

— 0,0692tm  — 0, 07001**  — 0,0356t*«. 


Graphs  of  functions  ;1  (solid  line),  c2  (dash-dot  line),  and 
C3  (dash  line)  are  presented  in  Fig.  2 while  the  graphs  of  the 
functions  py,  px±  (solid  lines)  and  mx  and  mz  (dash  lines)  are 
presented  in  Figs.  3 and  4. 
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